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Abstract 
The aim of the publication was to bring information about violations of building Byzantine Hagia Sophia in Istanbul. Hagia Sophia 
is the most important Byzantine church built in the 6th century, which became a model for all the former architecture. Until now it 
is one of the largest churches in the world. He became an inspiration and role model for all generations of builders and architects. 
The study provides information about the violation of the building and its causes. It also describes the remediation, which were 
made in its history. The issue of building violations is mainly due to plate tectonics activity in the territory of Turkey. This caused 
a series of damage to individual parts of the building. Unsuitable construction solutions, the issue of external influences in the 
vicinity of the structure but also the influence of religion throughout history has completely changed the concept of the building, 
especially the exterior. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of WMCAUS 2016. 
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1. Introduction  
Hagia Sophia is one of the most important buildings in the world. Reasons for this statement are several. The first 
reason is that it is the most important building Byzantine architecture and Byzantine period. Although this is not the 
first Byzantine church, so it is a symbol of the Byzantine Empire. 
                                                          
* Corresponding author. Tel.: +420-387-842-135. 
E-mail address: plachy@mail.vstecb.cz  
 016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommon .org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of WMCAUS 2016
2260   Jan Plachý et al. /  Procedia Engineering  161 ( 2016 )  2259 – 2264 
It was built in the year 532 to 537. It is located in Istanbul. At the time of its formation he was called 
Constantinople, which was the headquarters of the Byzantine Empire. It was built during the reign of Emperor 
Justinian. On the site of the present church were two churches, the first of which was built in 335 [11].  
The second reason is that the Byzantine Empire is one of the world's greatest empires, and also one of the realms 
that belong to the historically later. This means that its reach is significant to the present. This is reflected especially 
in the culture of the state in which the Byzantine Empire (from 335 in 1453) was located and also has its religious 
dimension. This is due to the fact that the Orthodox Church, which is based on Byzantine tradition is the majority 
religion of many contemporary states. 
The third reason is the fact that a thousand years it was the largest building in the Christian world and still is the 
fourth largest temple in the world.  
The fourth reason is the fact that the takeover of Constantinople by the Ottomans in 1453 (Sultan Mehmed II) has 
become a major Hagia Sophia mosque. It is important to realize that the Ottoman Empire was one of the greatest 
empires the world (from 1299 to 1922, but their peak was between 1520 and 1683). Hagia Sophia is so important 
symbol both of these empires and religions. This fact is also historically significant [13][15][22].  
Hagia Sophia was destroyed by the earthquake and therefore needed structural remediation that was made in the 
Ottoman period. This is another important reason that experts often do not realize. This reconstruction has changed 
the character of the temple from outside but because the step he could be rescued. The building would be statically 
threatened without this remediation. Earthquakes occurring in this region are analysed in the publications [4][5][6] 
and [7]. 
Simultaneously Hagia Sophia is one of the architectural wonders of the ancient world ending. This construction is 
extremely an innovative and simultaneously it is a technical term in architecture. Other reasons and peculiarities will 
be described in the following sections. 
2. Construction and architectural characteristics of the Hagia Sophia 
Hagia Sophia is the most prominent representative of Byzantine architecture. Continuity on Roman architectural 
style (antique influence) is manifested in it. It is also typical of the early Christian architecture that will continue to 
evolve into other architectural styles. Inspiration of Hagia Sophia will always be applied to a certain extent. It also 
presents connections of Ravenna and Constantinople style.  
It is obvious that also apply architectural influences from the world on the other side of it is the Middle East 
(oriental influences). There is mainly used brick architecture based on the bricks as the material predominantly used. 
There are applied ancient columns. There are combined dome and half dome.  
The authors are probably Anthemius of Tralles and Isidore of Miletus. It is one of the most sophisticated dome 
temples. Lighting of the temple achieve with a few rows of windows above him. This is a spatial interpenetration of 
domes, half domes and vaults. This was the extent applied for the first time in history.  
Structurally, it is a combination of central and longitudinal structures. Hagia Sophia was part of a larger complex 
of Justinian palace. These were the supreme manifestation of "caesaropapismu". Character of new buildings evoke 
almost theatrical atmosphere. 
It is obvious that Hagia Sophia has inspired many following religious buildings in architectural styles, such as the 
Cathedral of St. Peter in Rome. Hagia Sophia is also a good tool for teaching in the field of construction [18][16][12] 
or also published authors in [3][9]. 
3. Timeline changes in the chronology of building the space of Hagia Sophia 
The construction of Hagia Sophia was at that time very unusual and expressive from several perspectives. The fact 
that the roof used to be mostly of wood at this time, this temple presented a very courageous architectural challenge. 
Simultaneously the building was brave its size (fig. 1). The main dome of the temple situated in the middle has a 
diameter of 32 m and extends up to 55.6 meters. Half balls have the same radius to the east and west. Structural design 
of the temple represented together with the geographical conditions for the construction a number of risks. Due to the 
fact that Turkey is a tectonically active area, there are a series of quake that have signed on to this project. Interesting 
is also the fact that the builders who were behind the realization of Hagia Sophia were not architects. An important 
role for the bad statics of the building played among other pillars which were created from old, no longer exist 
buildings. Pillars thus differ not only in material composition but also in their height. 
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The construction the temple to be secured against vibrations which occur in this area. However, this fact was 
omitted in the construction. This is probably related to the fact that the construction of the temple very rushed. There 
was a significant damage due to all the above boundary conditions, in 557. The main dome cracked as a result of a 
very strong earthquake. Damage within the earthquake is also studied authors in [2] [14] and also in [17] [21]. 
The most significant earthquakes were in the year 558, when the dome of a church collapsed. The strength of the 
effects of the earthquake is estimated to exceed 7.5 on the Richter scale. There was also a collapse of the pillars that 
bear the dome. Its shape pushed into the sides instead of the weight is transmitted perpendicular to the columns down. 
On this basis, the dome was is lifted about six meters at the central part in order to increase the horizontal flow of 
power to the pillars. The shape of the dome was structurally inappropriate but it became a model for all the former 
empire together with the entire building. The dome was also supplemented with 40 ribs, which should lighten the 
dome.  Hagia Sophia was also hit by fires among others. One of half dome has been significantly breached. Half dome 
during an earthquake in the year 869 collapsed. Problems with statics of the building continued even though Hagia 
Sophia was renovated with. An earthquake in 989 and 1344 was less destructive, but in 1346 there was another collapse 
of the building. History Hagia Sophia studied by many publications [13] [15] [22]. 
 
 
Fig. 1 Development disorders and remediation in time - the Hagia Sophia [13][15][22]. 
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An important milestone was the conquest of "Constantinople" by the Turks in 1453. The Christian building that 
was initially in danger, it was converted into a Muslim mosque. It was also renamed to Aya Sofya. There has been a 
significant change in the completion of minarets, madras, shrines and other parts typical for Muslim culture. 
Supporting systems that balance lateral pressures were restored. 
In 1935 the mosque was secularized and has become a museum. The building has undergone extensive renovations. 
Among others, there were also problems with ground water, and water leaking into the building. This represented a 
danger to valuable mosaics. There was ensured statics of the building, supporting pillars, roof repaired, ensure drainage 
of groundwater and the reconstruction and renovation of the interior, which was destroyed.  
Currently, the object is under constant surveillance. There are installed the monitoring unit, in addition to static 
measures. Although construction has been since its inception rebuilt many times and treated. This building belongs to 
the important buildings and a symbol of Byzantine architecture. The interior arouses aesthetic appearance, even in 
combination with used remediation elements. These elements are not significantly affected his character. In contrast, 
the exterior has been dramatically rebuilt (fig. 2). From an aesthetic standpoint, remediation and additional 
construction elements of Muslim elements have created a non-harmonic structure, acting very messy. 
 
 Fig. 2 Exterior and interior of the church of Hagia Sophia - faults and remedial measures (photo by the author). 
4. The basic elements of Byzantine buildings used in the Hagia Sophia 
Hagia Sophia is a typical representative of the Byzantine style. Construction emphasizes the interior spaces, which 
must be in harmony. Interior spaces are airy and impressive. However, this was achieved at the expense of the external 
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appearance of buildings. Dome basilica is a typical representative of Byzantine architecture. Below the dome is used 
tambour. It highlights the dome with a series of windows along its entire circumference. Windows highlight the 
building, but they also illuminate the space of the church to which light enters from all cardinal points.  
Dome is supported on four main pillars. Pillars transfer the load from the circular dome through pendetives. In 
Byzantine buildings is likely it was the first use pendetives. It served to inspire the later architectural styles. The space 
of the main nave was extended with a half domes with concha arch. Any space inside the building is covered with 
frescoes and mosaics. Resolving combination dome and square floor plan structures using pendetives not constitute 
the main feature of Byzantine architecture. Other buildings include for example Byzantine Hagia Eirene in Istanbul 
or San Vitale in Ravenna.  
5. Disorders of buildings in relation to the Hagia Sophia 
As already mentioned, the Hagia Sophia is located in a tectonically active area. Due to its complicated design 
solution and the innovative solutions in its time, there are a number of disorders manifested visible or hidden. They 
influenced the statics of the entire building complex. 
Generally, we can distinguish between the invisible and visible violation of the building in terms of failures. 
Invisible disorders are generally worse than visible. These include lower strength of concrete than expected, further 
reducing the stability, deterioration of the tiles, plaster and corrosion of materials or disruption of the microstructure 
of components. The research builds on previous research [19] [20] [8] and [10] [1]. 
Visible disorders are seen at a cursory look at the building. It is a water ingress the corrosion of individual elements, 
the crack in the masonry and the like. There are many reasons to formation of failures. A thorough geological survey 
of the area of interest is an essential boundary condition for the creation of structures this range. Unstable ground, 
little bearable foundation soil, or heterogeneity of foundation soil may lead to differential settlement and later 
irreparable destruction of the building. Also important is groundwater that may threaten the foundation structure, or 
may involve the surrounding soil washing out and expose the foundations of buildings. In this case it is then necessary 
to ensure proper drainage and depth of foundations. Geography of the area also plays a crucial role in terms of other 
exogenous but also endogenous influences on fault structures. The high frequency of earthquakes in this region 
attaches great importance on the flexibility of building materials, which must cope with these influences. The impact 
of the earthquake is also affected by subsoil [23] [23]. This fact has been ignored in the case of Hagia Sophia. In the 
case of areas with significant rainfall, strong weather conditions or locations with extreme temperatures, climate, 
building materials must be adapted to the increased exposure to corrosive and erosive effects of the material.  
Another point is the project itself. Based on the above boundary conditions must be used a suitable construction 
system. Construction systems are exposed to thermal expansion caused by extremes in temperature outdoors. 
Excessive or uneven load on subsoil can lead to deformation or rotation foundations. Extreme weather conditions 
cause pressure and sucking in the building. The weight of the structural system itself should not be neglected, as well 
as the acoustic pressure generated by sound. Materials and components are obviously changing and evolving. Pressure 
on the speed of construction of the building is itself chapter, it leads to the destruction of buildings. It is often at the 
expense of quality.  
6. Conclusion 
Hagia Sophia is an important Byzantine building. Since its inception in the 6th century has undergone a number 
of significant changes. The actual implementation of the project was in its time a very courageous. Although this work 
was violated repeated effects of the earthquake, it became a model for many other buildings and defined using a series 
of new structural elements, such as the dome by using pendetives. This significantly influenced the present form of 
the church. Due to a number of remedial measures that have been implemented here we can say that the interior is 
more or less retained with respect to religious influences. However, the exterior has undergone a number of very 
significant changes. Among the most significant remediation measures include an increase in the middle of the dome 
of 6 meters in order to increase the horizontal flow of power to the pillars. Dome was also supplemented with 40 ribs, 
which should lighten the dome. Supporting systems to ensure the stability of the outdoors are very significant element, 
which completely changed the appearance of the church.  
Although the church has undergone a series of renovations, there is a noticeable number of failures arising due to 
the effects of earthquakes and underground water, which caused the building also many problems. It is the swelling 
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and cracking floors in certain parts of the building. It is also possible to observe violations of building of facing stone, 
breach arches by cracks and tilted one of the columns under the influence of destructive forces. Although the disorder 
buildings are evident, the building is currently under constant supervision. Due to the fact it serves as a museum and 
it is visited daily by hundreds of tourists, ensuring the safety of the building is so crucial. 
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